Simian virus 40 (SV40) adsorbs on rabbit spermatozoa but does not penetrate the cells, as indicated by the absence of radioactive material seen on autoradiography of spermatozoa exposed to 13Hithymidine-labeled SV40. In contrast, after exposure of spermatozoa to labeled SV40 DNA, radioactive material was found in the postacrosomal area of the spermatozoa. Furthermore, when spermatozoa exposed to SV40 DNA were fused with cells of the CV-1 line of African green monkey kidney cells, infectious SV40 was isolated. After uterine insemination of rabbits with spermatozoa infected with SV40 DNA, both unfertilized and one-and two-celled fertilized ova were obtained. When The cells were then washed with KRPA and, in some experimnents, treated with rabbit anti-SV40 serum at dilutions of 1: 50-1:300. The spermatozoa were washed with KRPA and maintained in culture medium for 24 and 48 hr at 37-380C.
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. In contrast, after exposure of spermatozoa to labeled SV40 DNA, radioactive material was found in the postacrosomal area of the spermatozoa. Furthermore, when spermatozoa exposed to SV40 DNA were fused with cells of the CV-1 line of African green monkey kidney cells, infectious SV40 was isolated. After uterine insemination of rabbits with spermatozoa infected with SV40 DNA, both unfertilized and one-and two-celled fertilized ova were obtained. When the fertilized ova were cocultivated with CV-1 cells, infectious virus was recovered. In contrast, CV-1 cells exposed to the unfertilized ova or to zonae pellucidae or polar bodies from the fertilized ova did not show a cytopathic effect. This report provides the first evidence that a heterologous genome can be incorporated into a mammalian spermatozoon and subsequently carried into an ovum during the process of fertilization.
i\Iammalian ova, both unfertilized (1) and fertilized (2, 3) , have been infected with virus. There has, however, been no direct evidence of infection of mammalian spermatozoa by any virus. The purpose of this investigation was to attempt to infect rabbit spermatozoa with a virus and to assess their ability to carry the viral infection into mammalian ova by fertilization.
MATERIALS AND METHODS Virus and viral DNA
Purified simian virus 40 (SV40) I)relparations were obtained according to methods described elsewhere (4 The fused cells were distributed in culture flasks and kept in culture medium with 10% calf serum overnight at 370C. They were then treated with trypsin to eliminate any unfused spermatozoa that might have remained adsorbed to the surface of the cells. The cells were seeded again in culture flasks and Petri dishes with coverslips and incubated at 370C. The cultures were observed daily for the appearance of a cytopathic effect characteristic of SV40. For control purposes, spermatozoa not exposed to SV40 or SV40 DNA were also fused with somatic cells so that any cytopathic effect observed could not be attributable to an agent already present in the spermatozoa when the ejaculates were obtained.
Fertilization
New Zealand white rabbit does were superovulated by intramuscular administration of 150 IU of pregnant mare serum gonadotropin ("Gestyl", Organon) followed by 75 IU of human chorionic gonadotropin ("APL", Ayerst) given intravenously approximately 80 hr later (8) . At approximately 1.5 hr before the does were treated with HCG, they received an injection into each uterine horn of 3 X 106 spermatozoa (in 0.2 ml volume) that had been exposed to SV40 DNA and resuspended in KRPA.
Approximately 26 hr after uterine insemination, the does were killed by cervical dislocation and ova were recovered by flushing the oviducts. This was approximately 14.5 hr after the commencement of ovulation (9 
After a washing with KRPA, the spermatozoan DNA was extracted according to the method of Borenfreund et al. (14) . The spermatozoa were treated consecutively with ethanol, ether, and 2-mercaptoethanol; they were then centrifuged and their remnants were suspended in 0.01 M NaCl. The radioactivity of the extracted DNA, dissolved in 0.01 M NaCl, was determined and compared with the input radioactivity of SV40 DNA.
RESULTS
Exposure of spermatozoa to SV40 Spermatozoa exposed to SV40 and either left untreated or treated with anti-SV40 serum were fused in several experiments with AGMK or CV-1 cells. Examination of the cultures 24 hr later revealed that 60-90% of the somatic cells contained spermatozoan heads. A generalized cytopathic effect was observed within 72 hr after fusion with the spermatozoa that had not been exposed to antibody. When spermatozoa had been treated with SV40 antibody, however, the cytopathic effect was greatly delayed and occasionally not observed. In one experiment, spermatozoa exposed to SV40 and cultured for 48 hr were sonicated in a sonic oscillator for 9 min at 10 keycles/sec before fusion with the AGMK cells. The cytopathic effect was again noted after 72 hr.
In several experiments, spermatozoa were exposed to 3H-thymidine-labeled SV40, maintained for 24 or 48 hr in culture, and fixed for autoradiography. The autoradiographs (Fig. 1) showed no radioactivity l)resent in the spermatozoa.
Uptake of SV40 DNA by the spermatozoa Fusion of spermatozoa exposed to SV40 DNA with AGMK or CV-1 cells resulted in the occurrence of a cytopathic effect, which was first noted on the 12th day after fusion, regardless of whether the spermatozoa were treated with DNase at the time of infection or not. The cytopathic effect was observed first in the cells containing spermatozoa (Fig. 2) and only later did it spread to the adjacent cells. This effect was not observed when uninfected spermatozoa were fused with AGMK or CV-1 cells (Fig. 3) .
When a cytopathic effect was observed, the AGMK or CV-1 cells showed the presence of T and VP antigens (15 (Fig. 4) . The pattern of frequency distribution of grain count per spermatozoon is presented in Fig. 5 . The mode of the distribution was 15-18 grains.
In one experiment, after 107 spermatozoa were exposed to 1 ug of radioactive SV40 DNA, washed, cultured for 48 and analyzed for radioactive content as described above. The results showed that 15.9% of the input radioactivity was recovered from the spermatozoan DNA.
Transfer of SV40 Spermatozoa (6 X 106) were exposed to 6 /Ag of unlabeled SV40 DNA for 2 hr at 37-38°C and washed once in KRPA. Half of the suspension was injected into one uterine horn of a rabbit, the other half into the contralateral horn. After 26 hr. the recipient animals were sacrificed and the ova were flushed from the oviducts. In the first experiment, 10 of the 28 ova obtained from four rabbits were fertilized ( Table 1) . The cells were then treated as described in Materials and Methods and placed separately on monolayers of CV-1 cells in the chambers of microtest tissue-culture plates.
The cytopathic effect observed in CV-1 cells exposed to fertilized ova was seen in 9 out of 23 chambers in two experiments ( Table 1 ). The cytopathic effect was not seen in CV-1 cells in contact with unfertilized ova or with zonae pellucidae, or in polar bodies obtained from fertilized ova. The number of infected blastomeres from fertilized ova (9 out of 23) was compared by the x2 test with the number of infected vitelluses of unfertilized ova (0 out of 29) and the difference was statistically significant (X2 = 11.3, P <0.001).
The presence of SV40 in the cultures was confirmed by the presence of T antigen in the CV-1 cells and by the reproduction of the cytopathic effect in uninfected CV-1 cells exposed to medium transferred from cultures showing a cytopathic effect after direct contact with fertilized ova. DISCUSSION Although a cytopathic effect was observed in cultures of AGMK or CV-1 cells fused with spermatozoa exposed to SV40, and although SV40 was isolated from these cultures, it is doubtful that the recovered virus was actually localized within the spermatozoa. The fact that when spermatozoa were treated with SV40 antibody after exposure to SV40, the appearance of the cytopathic effect was either greatly delayed or did not occur at all, seems to indicate that the virus particles recovered after fusion with somatic cells were adsorbed to the surface of the spermatozoa without further penetration. This hypothesis is substantiated by the absence of silver grains over the cells after exposure of spermatozoa to labeled virus.
If the spermatozoon does not permit penetration of the virus into its interior, then the behavior of this cell differs from that of somatic cells of the same species. The virus can be taken up by these and other nonpermissive cells, and the parental virus can be recovered from the nuclei of the infected cells (4, 16) . One-or two-celled ova obtained from a nonpermissive host, such as a mouse, can, in contrast to rabbit spermatozoa, be infected with SV40 (results to be published).
On the other hand, rabbit spermatozoa that were resistant to SV40 uptake became "infected" with SV40 DNA, which could be recovered from the spermatozoa after fusion with SV40-susceptible somatic cells. In contrast to the results obtained after fusion of somatic cells with spermatozoa exposed to SV40, the cytopathic effect in those fused with spermatozoa infected with SV40 DNA was first observed at a much later time after fusion. In addition, whereas a generalized cytopathic effect, probably caused by a massive exposure to virus particles adhering to the surface of the spermatozoa, was noted in somatic cells after fusion with spermatozoa exposed to SV40, the cytopathic effect observed in somatic cells fused with spermatozoa exposed to SV40 DNA was first limited to cells that contained spermatozoan heads, and only thereafter did it spread to the adjacent areas. The fact that the spermatozoa were treated with DNase after exposure to SV40 DNA makes it highly probable that the cytopathic effect was caused by DNA isolated from the cell rather than by DNA adsorbed to the surface of the spermatozoon. Intracellular localization of the SV40 DNA was further confirmed by the results of autoradiography, which showed accumulation of grains over the post-acrosomal area of the spermatozoan heads. Localization of the label in a selective region of the nucleus was similar to that observed by Darzynkiewicz et al. (17) , who found that [3H]actinomycin D, after penetration of the membrane of the testicular spermatozoon, is localized in the same region.
Perhaps the best evidence for the presence of biologically active SV40 DNA in the spermatozoa was provided by its recovery from the fertilized ova. This transfer of SV40 DNA during fertilization is the first recorded instance of such an event taking place in the mammalian organism. Lack of precedent makes it difficult to interpret these results critically. It is possible, however, that the proportion of spermatozoa carrying SV40 genome was far greater than the 30% figure obtained in autoradiography, because when somatic cells are 
